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Abstract  
In this study, the design of useful window function containing together good properties of Kaiser and Ultraspherical windows 
preferred at many areas was implemented with helping of Genetic Algorithm (GA). Kaiser window has been used at many areas 
because of the fact that it has good characteristic specification such as mainlobe width and the ripple ratio for various 
applications but Kaiser Window having two parameters cannot control the sidelobe roll-off ratio. The ultraspherical window 
having three independent parameters has better sidelobe roll-off ratio than other windows in literature. At work, the coefficients 
of a new window function that has side-lobe roll-off ratio characteristic of ultraspherical window and Kaiser window’s main-lobe 
width and ripple ratio were obtained by helping of GA. The obtained results from the improved method show better mainlobe 
width, ripple ratio and side-lobe roll-off ratio characteristic than other windows in literature. 
Keywords: Window funciton, Ultraspherical window, Kaiser window, Exponantial window, Genetic Algorithm (GA). 
1. Introduction  
Window functions (or windows for short) are time-domain functions that are used to reduce Gibbs’ oscillations 
resulting from the truncation of a Fourier series at nonrecursive digital filter design (FIR Finite Impulse Response). 
Windows are widely preferred at many application areas such as digital filter design, classification of cosmic data 
[1,2], improving the reliability of weather prediction models [3], facilitating the detection of disease at biomedical 
areas [4] and speech processing [5].  
The window functions are two types for fixed and adjustable according to their parameters [6]. Fixed windows 
control the mainlobe width since these windows have one independent parameter, namely, the window length. On 
the other hand, adjustable windows provide more useful window amplitude spectrum with helping of two or more 
independent parameters. Dolph-Chebyshev [7], Kaiser [8] and Saramaki [6] are most used windows in literature and 
these windows are window functions having two adjustable parameters. Other improved window based on Kaiser 
window equation were given at [9]. Kaiser window which is preferred in many areas due to its parameters has 
maximum energy concentration in the mainlobe and provides better mainlobe width characteristic and ripple ratio 
than other windows. A well-known two parameter windows don’t control side-lobe roll-off ratio in the window 
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spectral parameters. Alternatively, ultraspherical window having three parameters has been proposed to solve this 
problem [10]. This window has window spectral characteristic such as mainlobe width, ripple ratio, null-to-null 
width, and a user-defined side-lobe pattern.  
GA, one of the methods of the heuristic calculation, is based on principle protection of the best (conversation of 
optimum). GA obtains the result from different search points by doing operation over this population [11].  
In this study, the calculation of coefficient values for a new window function that provides together side-lobe 
roll-off ratio characteristic of ultraspherical window and Kaiser window’s main-lobe width and ripple ratio was 
proposed by using of GA. Thus, a new structure used at more large application areas with a new window having 
useful spectral parameters has been presented.  
2.  Material and Method 
In this study, improved new window has a good characteristic of two windows preferred due to good properties 
in literature. GA which is solution to eliminate the difficulty of combining the equation of two windows was used in 
method. Thus, the obtained new window has together good properties of the Kaiser and ultraspherical windows.  
2.1. Window Function Spectrum 
Windows are frequently classified according to their spectrum characteristics and they are compared with other 
windows in terms of these characteristics. The frequency spectrum of a window can be shown as below.  
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where W0(ejωT) is the amplitude function, N is the window length, and T is called sample period. A(w) = |W0ejwT| and 
θ(w)=-w(N-1)T/2 are amplitude and phase spectrum of window, respectively. A typical window’s frequency 
spectrum in dB range can be shown as Figure 1. Normalized amplitude spectrum of window can be obtained by the 
following equation [9]. 
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Spectral parameters that determine the performance of the windows are mainlobe width (ωM), null-to-null width 
(ωN), ripple ratio (R) and sidelobe roll-off ratio (S). These parameters can be defined as below from window 
amplitude spectrum [9]. 
ωM = two times half mainlobe width  = 2ωR 
R = maximum sidelobe amplitude in dB – mainlobe amplitude in dB = S1 
S = maximum sidelobe amplitude in dB – minimum sidelobe amplitude in dB = S1 – SL 
The desired properties at window amplitude spectrum are narrow mainlobe width, small ripple ratio and large 
sidelobe roll-off ratio. At Figure 1, the mainlobe width determines the transition width between the passband and 
stopband, the ripple ratio affects the ripples in the passband and stopband and the side-lobe roll-off ratio determines 
the distribution of stopband energy.  
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Figure 1. Window’s spectrum and spectral characteristic 
The Kaiser window equation in discrete time is defined by  
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where αk is the adjustable parameter, and I0(x) is the modified Bessel function of the first kind of order zero [9]. An 
increase in αk at Kaiser window causes wider mainlobe width and smaller ripple ratio.  
The coefficients of ultraspherical window of length N can be calculated with [10].  
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Ultraspherical window has three independent parameters, µ, xµ and N. With appropriate selection of these 
variables, ultraspherical window control side-lobe roll-off ratio, ripple ratio and mainlobe width which are window 
spectral parameters. Parameter μ alters the side-lobe roll-off ratio, xμ provides a trade-off between the ripple ratio 
and a width characteristic, and N allows different ripple ratios to be obtained for a fixed width characteristic and 
vice versa.   
Exponential window has been obtained by writing exponential function instead of improved Bessel function of 
the first kind (I0(x)) at Kaiser window and it has two independent parameters, namely the window length (N) and the 
adjustable shape parameter (αe) [9].  
3.  Genetic Algorithms  
GA, one of the methods of the heuristic calculation is based on principle protection of the best (conversation of 
optimum). When there are any data about solution, initial population is obtained from that data. At used GA 
program, chromosomes are coded by real value not binary codes. Chromosomes in the creating population are used 
in fitness function, different from problem to problem, to measure the fitness. The fitness function for improved 
method is defined as a function to minimize difference between the obtained amplitude response samples by using 
of chromosome at GA and amplitude response samples which provide desired features.  
 
1
min (i.samplefrom desiredamplituderesponse)-(i.samplefromfoundamplituderesponse)
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Due to the fitness value, for creating next generation, chromosome in the population is reproduced and crossed 
and mutated if necessary.           
The calculated copy numbers of each chromosome determine which chromosome will be used at reselection, 
crossing or mutation operations. Chromosome having higher possibility to be selected is crossed more times and it is 
in the next generation more times. Chromosome having less possibility is rarely taking places in the next generation 
or maybe it is no in that [11]. 
This process is continued until value of desired convergence or reaches max. generation number.  
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At work, a new window having together good characteristic of Kaiser and ultraspherical windows was obtained 
with an alternative method which is elimination the difficulty of combining the equations of those windows. The 
coefficients of the improved window were calculated by using of GA. The obtained window has better spectral 
parameters than windows common used in literature.  
4.  Comparison Examples  
Kaiser, ultraspherical and the obtained results from the improved method in MATLAB (license number: 585775) 
by using of GA for narrow mainlobe width and N=23 are shown in Figure 2, and the corresponding data are given at 
Table 1.  
Table 1. The obtained data for improved method, Kaiser and ultraspherical windows 
 
Parameter Window type GA Kaiser Ultraspherical 
N 23 23 23 
αk - 3.2 - 
wR 0.374 0.374 0.374 
S (dB) 34.11 14.54 27.79 
R (dB) -24.96 -26.39 -24 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The amplitude comparison of the GA, Kaiser and ultraspherical for wR= 0.374 and N=23 
 
Kaiser window has best ripple ratio as seen at Figure 2 and Table I. The improved method by using of GA has 
best characteristic in term of side-lobe roll-off ratio. At example, the window lengths are constant for all three 
windows. Kaiser window has better ripple ratio than improved method, but the improved method has best side-lobe 
roll-off ratio and it provides as well as better ripple ratio and much better side-lobe roll-off ratio than the 
ultraspherical window. The ultraspherical window parameters for this example µ= 2.36318 and xµ= 1.00053. 
In this example, the comparison of spectrum has been performed with exponential window [9] that based on 
Kaiser window and which has two independent parameters. The comparison of side-lobe roll-off ratio for same 
window length, mainlobe width (wR=0.3375) and ripple ratio (R= -21.5 dB) has been done.  
The results of the simulation are shown at Figure 3 and the corresponding data are given in Table 2. Figure 3 and 
Table 2 show that GA has best characteristic in side-lobe roll-off ratio for same window length, mainlobe width and 
ripple ratio. 
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GA Exponential 
N 23 23 
αe - 1.9 
wR 0.3375 0.3375 
R (dB) -21.5 -21.5 
S (dB) 33.75 32.93 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 3. The amplitude comparison of GA and Exponential window for N=23, wR= 0.3375 and R=21.5 
5.  Conclusion and Discussion    
At work, a new window design which has together characteristic of two windows preferred due to good 
properties in literature was proposed. The obtaining the design equation of window which provides together spectral 
characteristics of the Kaiser and ultraspherical windows having good properties is very difficult. Thus, the using of 
GA which is an alternative method to eliminations this difficulty was proposed.   
Hence, a new window having useful spectral parameters has been improved.  GA used in method has eliminated 
difficulty at design of a new window function containing together side-lobe roll-off ratio characteristic of 
ultraspherical window and Kaiser window’s main-lobe width and ripple ratio. Examples show that the improved 
method has better characteristic than Kaiser and ultraspherical window. In addition, the comparison with 
exponential window, which it shows better property than some spectral parameters of Kaiser and ultraspherical 
window, was done. The comparison results show that the improved method gives better results than other windows 
in same parameters.  
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